Terrorist activities by al-Qaeda (AQ) and the Islamic State of Iraq and Syria (ISIS) have brought violence and destruction to the Middle East and the world ([@r1]). Many historical, political, and religious motivations lie behind this unrest and several complementary perspectives have been offered to explain it ([@r2][@r3][@r4]--[@r5]). Recent advances in data collection have allowed for the thorough updating of terrorist databases; being able to extract information from them may help gain additional insight and develop counterterrorism strategies.

This work examines the spatiotemporal correlation of terrorist attacks perpetrated worldwide by AQ and ISIS, focusing on the post-2014 era, when they began functioning as independent entities. On the local scale, the AQ/ISIS dynamics may be affected by independent militias or insurgents acting as rivals or allies to either. These groups are often entrenched in their communities and may be quite powerful, even eclipsing AQ or ISIS. Using near-repeat analysis ([@r6][@r7][@r8][@r9][@r10]--[@r11]) on data derived from the Global Terrorism Database (GTD), we analyze patterns of attack for three classes of terror groups (AQ, ISIS, and local militias) in six geographical clusters. The latter are identified through $k$-means clustering without imposing any a priori geographical constraints, such as national borders. The constituency of each class varies across clusters: AQ or ISIS may have the most combatants in some; in others, local militias may be the most numerous. Despite cluster heterogeneity, our findings indicate universal near-repeat activity, whereby an attack by a given group temporarily raises the probability of further attacks by the same one within 20 km over 4 to 10 weeks. The variability depends on location and organization, but groups with fewer combatants are always found to display the longest period of enhanced near repeat. While insurgents are present in all clusters, AQ and ISIS may or may not be; where they do colocalize, one is numerically superior to the other and in conflict with insurgents. The two most numerous groups (insurgents and either AQ or ISIS) are regarded as major players; the minor, numerically inferior one between AQ and ISIS aligns with either of the major two. We also examine patterns of responding near repeat, in short near reaction, whereby an attack by a given group elicits a response from a different one. Insurgent activity intensifies after an attack by a major rival (either AQ or ISIS) while the latter suppresses its activity following insurgent attacks, leading to an asymmetric dynamic. Aligned groups, allies, or neutral parties united against a common enemy reinforce each other's activities so that regardless of which one strikes first, the other will always intensify its attacks within 20 km. No evidence of outbidding is found, whereas terrorist activity increases in response to government action in all surveyed clusters. Our findings underline the importance of local geography and hierarchies in understanding terrorism.

Historical Background {#s1}
=====================

AQ was founded by Osama bin Laden during the Soviet--Afghan War in the 1980s. Due to intense international pressure after the 9/11 attacks, AQ evolved into a decentralized "dune"-like organization ([@r12]): Its affiliates were encouraged to operate independently while still being part of its broader network. Among the myriad of players, ISIS rapidly emerged as a strong challenger to AQ's lead. ISIS was originally established in Jordan by Abu Musa al-Zarqawi in the late 1990s under the name Jamaat al-Tawhid wal-Jihad (JTJ). In 2004 al-Zarqawi pledged allegiance to AQ and renamed JTJ al-Qaeda in Iraq (AQI). Instructed by AQ to establish a formal governing body, in early 2006 AQI merged with other insurgent groups to form the Mujahideen Shura Council (MSC) and later announced the creation of the Islamic State of Iraq (ISI), a centralized group aiming to occupy the northern Iraqi territories by the Syrian border. As the Syrian civil war intensified in 2013, ISI became ISIS and expanded into Syria without consulting AQ's general command, creating tension with Jabhat al-Nusra (JN), a Syrian AQ affiliate. After repeated attempts to control its expansion, AQ disavowed ISIS on February 2, 2014. In the years since, AQ continued fostering local collaborations, including with al-Shabaab in Somalia and Boko Haram in Nigeria, while ISIS expanded beyond its Iraq/Syria base to control remote territories in Yemen, Afghanistan, and Pakistan. Given their more adversarial nature and efficient media usage, counterterror efforts focused on constraining ISIS, leading to concerns of indirectly strengthening AQ ([@r13]). Since imbalanced intervention may be ineffective ([@r14]), better understanding the interplay among groups may lead to strategies that do not inadvertently bolster any of them.

Materials and Methods {#s2}
=====================

We examine the terrorist activities of AQ, ISIS, and local groups as listed by the GTD which cataloged global terrorist attacks between January 1, 1970 and December 31, 2017 ([@r15]). We mostly focus on the post-2014 era, when AQ disavowed ISIS.

Data Selection. {#s3}
---------------

The GTD lists a maximum of three confirmed or suspected perpetrator groups per attack. We discard entries with unknown offenders (46% of the total). If at least one of the perpetrators is an AQ affiliate, the record is assigned to AQ and similarly for ISIS. If AQ and ISIS are responsible for the same attack, it is assigned to both. Finally, if neither is listed as the perpetrator, the record is assigned to the L class (local militias/insurgents). Affiliates were added to the AQ/ISIS classes only after their formal acceptance; since during 2004 to 2014 ISIS predecessors were recognized as AQ affiliates, their attacks within this period are assigned to both the AQ and ISIS classes. Full affiliate AQ/ISIS lists are in [*SI Appendix*](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental).

Cluster Analysis. {#s4}
-----------------

To examine the spatiotemporal distribution of AQ/ISIS attacks we first identify geographic areas where they colocalize, using $k$-means clustering ([@r16]). The sole input here is attack location; no other constraints, such as state borders, are used ([*SI Appendix*](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental)). We identify 12 clusters and determine the geographic centers and SDs of each. As shown in [Fig. 1 *A* and *B*](#fig01){ref-type="fig"} clusters are found to mostly coincide with geo-political boundaries, due to increased border security, attacks occurring in civic centers in the interior, or terrorist familiarity with terrain/culture. In some cases we observe spillover or domino effects, due to weak borders or historical/political precedents ([@r17]). The Afghan--Pakistan cluster arises due to militant groups residing between the two countries; the Syria cluster is found to include Lebanon due to the Syrian civil war spilling over to its neighbor; the Nigeria cluster includes small portions of neighboring Chad, Cameroon, and Niger, as Boko Haram attempted to evade government scrutiny; since AQ-affiliated al-Shabaab often launched attacks from Somalia into neighboring Kenya, the two form a unique cluster. Specific geographical conditions may thus allow terrorism to spread across borders. To add an L-class attack to one of the clusters identified above we calculate its distance from the center of the nearest AQ/ISIS cluster; if the distance is within three SDs from its center, the L-class attack is assigned to this cluster; otherwise it is discarded. The resulting distribution is shown in [Fig 1*C*](#fig01){ref-type="fig"}. The six clusters containing enough events to justify further analysis are listed in [Table 1](#t01){ref-type="table"}. We focus on them in the remainder of this work. Major and minor groups are labeled on the basis of their estimated number of combatants. The two major groups in Syria and Yemen are known rivals.

![Color-coded geographic clusters of post-2001 AQ/ISIS attacks. Twelve clusters are identified via $k$-means clustering for their attacks recorded in the GTD. Each cluster is labeled by the country with the majority of AQ/ISIS attacks: Iraq (green), Somalia (pink), Syria (red), Yemen (black), Nigeria (cyan), Pakistan/Afghanistan (purple), Libya (blue), Algeria/European Union (magenta), Mali (orange), Philippines (brown), Bangladesh (gray), and the United States (maroon). The above ordering follows the total number of AQ/ISIS attacks per cluster after the AQ-ISIS rift in 2014. Only the first six contain enough data for near-activity analysis. (*A*) AQ post-2014 activity in each cluster. (*B*) ISIS activity. Each solid circle represents one attack. (*C*) Post-2014 attacks perpetrated by local insurgent groups colocalizing with these 12 clusters using the same color codes, whereas attacks located outside the same 12 clusters are denoted by light yellow solid circles.](pnas.1904418116fig01){#fig01}

###### 

Active terrorist groups in six significant clusters and their relative strength as measured by estimated numbers of combatants

  Clusters          Major 1, no. of combatants                         Major 2, no. of combatants                                                                              Minor, no. of combatants
  ----------------- -------------------------------------------------- ------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------
  Iraq              ISIS, 200,000 ([@r35])                                                                                                                                     al-Naqshabandiya Army, 50,000 ([@r36]); PKK, 32,000 ([@r37]); Badr Brigades, 10,000 to 32,000 ([@r38])
  Syria             ISIS, 200,000 ([@r35])                             The Islamic Front, 70,000 ([@r39]); Free Syrian Army, 40,000 to 50,000 ([@r40]); PKK, 32,000 ([@r37])   AQ:JN, 5,000--10,000 ([@r41])
  Somalia           AQ:al-Shabaab, 7,000 to 9,000 ([@r42])                                                                                                                     
  Yemen             Houtis, 100,000 ([@r43]); Southern Movement, N/A   AQAP, 12,000 ([@r44])                                                                                   IS:Yemen Province, 300 ([@r45])
  Nigeria           IS:Boko Haram, 20,000 ([@r46])                                                                                                                             Fulani extremists, N/A
  Afghan-Pakistan   Taliban, 60,000 ([@r47])                                                                                                                                   IS:Khorasan Chapter, 3,000 ([@r48])

Estimated numbers of combatants are shown; N/A indicates they are not available. Major 1 and Major 2 groups are known from journalistic reports to be in conflict. Only the most prominent groups of the L class are listed; attacks from smaller ones are also included in this study. References: Cockburn ([@r35]), Freeman ([@r36]), Tarihi ([@r37]), George ([@r38]), Hassan ([@r39]), Cockburn ([@r40]), Kareem ([@r41]), *BBC News* ([@r42]), Almasmari ([@r43]), Roggio ([@r44]), Aboudi ([@r45]), *BBC News* ([@r46]), Dawi ([@r47]), and Seldin ([@r48]).

Near-Repeat Analysis. {#s5}
---------------------

Terrorist events within each cluster are examined using near-repeat analysis tools developed in criminology ([@r7][@r8][@r9][@r10]--[@r11]). Near repetition within the "fixed-window" method is quantified by comparing the distribution of given data to a hypothetical distribution of random, independent events ([@r9], [@r10]). This is done by partitioning the given timespan into several windows of time $w$; within each window the time difference $0 < t < w$ and the spatial distance between every pair of events are calculated. The time distribution for events occurring within a maximum distance $d$ is subsequently compiled from all windows. This data-derived distribution is then compared to the random-event hypothesis (REH)$$P_{d}\left( t \right) = 2\frac{w - t}{w\left( {w - 1} \right)}.$$[Eq. **1**](#eq1){ref-type="disp-formula"} is the random probability distribution for finding a pair of events separated by a time interval $t$ within $w$, assuming events are uniformly distributed. For example, if $w = 7$ days, the probability of two events being separated by $t = 1$ day is proportional to the number of pairs separated by 1 day in 1 week: Monday to Tuesday, Tuesday to Wednesday, through Saturday to Sunday, for a total of six possibilities. Conversely, there is only one possible pair of events separated by $t = 6$ days, Monday to Sunday. $P_{d}\left( t \right)$ is thus proportional to $w - t$; the normalization prefactor $2/w\left( {w - 1} \right)$ in [Eq. **1**](#eq1){ref-type="disp-formula"} ensures that $\sum_{t = 1}^{w}P_{d}\left( t \right) = 1$. Deviations from $P_{d}\left( t \right)$ indicate a nonrandom likelihood for an event to repeat after a prescribed time $t$. Contrasting observed distributions to $P_{d}\left( t \right)$ is equivalent to performing a Knox ratio analysis ([@r11], [@r18], [@r19]). However, the latter requires sampling and Monte Carlo simulations to generate a randomized distribution for data comparison. [Eq. **1**](#eq1){ref-type="disp-formula"} requires fewer assumptions and eliminates the need for simulations. We set $w = 44$ weeks, guaranteeing all near-repeat effects are captured. February 2, 2014, the official AQ/ISIS rift date, is used as a starting point from which successive windows of $w$ periods are generated. To verify whether any biases were introduced, different $w$ values and start dates were used; results remained essentially unchanged. Same-day attacks are discarded, as it is not possible to determine whether they are part of a coordinated campaign or independent events ([@r20]).

Government Intervention. {#s6}
------------------------

Since government (G) activity is not part of the GTD, we utilize the Uppsala Conflict Data Program (UCDP) dyadic dataset ([@r21]) to obtain lists of state-sponsored counterterrorism events. These are then cross-listed with terrorist attacks from the GTD to study terrorist/counterterrorist interplay. Sufficient data exist only for Iraq, Somalia, and the Afghan--Pakistan clusters where government activities were targeted at ISIS, AQ, and the Taliban, respectively. We use post-2014 data for Iraq; post-2012 data for Somalia, when al-Shabaab joined AQ and the Federal Government of Somalia was established; and post-2003 data for the Afghan--Pakistan cluster, when the Taliban launched large-scale insurgencies against the Afghan government. There is not enough UCDP data for Nigeria or Syria ([@r22]); it is not possible to identify a legitimate government in Yemen due to the ongoing civil war.

Results {#s7}
=======

Al-Qaeda and ISIS Activities. {#s8}
-----------------------------

Terrorist attacks executed by AQ and ISIS between 2001 and 2017 are shown in [Fig. 2*A*](#fig02){ref-type="fig"}. Until 2011, AQ contributed to less than $5\%$ of global activity and the ISIS precursors even less. In 2012, AQ's activities increased to roughly $10\%$ of world total, mostly fueled by ISIS and al-Shabaab as shown in [Fig. 2*B*](#fig02){ref-type="fig"}. After the 2014 AQ/ISIS rift the percentage of attacks by AQ proper stagnated, while ISIS's activity grew rapidly, surpassing AQ to reach almost $20\%$ of world total in 2017. [Fig. 2*C*](#fig02){ref-type="fig"} shows that this increase is due to greater activity of ISIS proper, but also to the emergence of affiliate terrorist groups. AQ's activities post-2014 are mostly due to al-Shabaab in Somalia. The distribution of terrorist attacks within the 12 geographical clusters identified in [Fig. 1](#fig01){ref-type="fig"} is illustrated in [Fig. 3*A*](#fig03){ref-type="fig"}. In Iraq, AQ attacks mostly cease after the 2014 AQ/ISIS rift while concurrent AQ/ISIS activities persist in Syria and Yemen as also shown in the time-resolved plot in [*SI Appendix*, Fig. S2](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental). AQ is mostly absent in Nigeria, Libya, and the Philippines; ISIS is inactive in Somalia and in the United States. We also observe ISIS spreading from its Iraq base to neighboring countries through the terror "wave" in [Fig. 3*B*](#fig03){ref-type="fig"}. Here, the date of ISIS's first attack in each cluster is plotted as a function of its distance from Iraq. The progressive spread of ISIS activities also emerges in [*SI Appendix*, Fig. S3](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental), where attacks are geo-spatially mapped over time. These findings are consistent with ISIS's focus on expansion while AQ's activities vary in a more random manner, consistent with its decentralized dune-like structure.

![(*A*) AQ and ISIS terrorist activity as percentage of world total. Between 2004 and 2014 the AQ curve includes contributions from ISIS and its precursors. Pre-2004 data in the ISIS curve are due to JTJ, its first precursor; post-2014 data are attacks by ISIS operating independently from AQ. The limited activity in 2006 is most likely due to the great regional turmoil at the time, with the media (and the GTD) unable to identify attackers. Indeed, the total number of attacks in the Middle East increased from 2005 to 2006 but so did the number of incidents with unknown perpetrators. (*B*) Yearly AQ affiliate attacks. (*C*) Yearly ISIS affiliate attacks. Note the diverging trends after the 2014 AQ/ISIS rift.](pnas.1904418116fig02){#fig02}

![(*A*) Attack fractions per cluster attributable to AQ and ISIS, 2001 to 2017. (*B*) First ISIS attack dates per cluster vs. distance from Iraq post-2014. A linear regression yields a spread of roughly 2,400 km/y with correlation $r = 0.79$ and a significant $p$ value of 0.006. (*C*) Near-repeat patterns for AQ $\rightarrow$ AQ and ISIS $\rightarrow$ ISIS worldwide, 2014 to 2017. Each bar contains data binned over 2 weeks. Deviations from the REH are estimated using KLD. (*C1*) The distribution of AQ $\rightarrow$ AQ attacks separated by less than 20 km deviates from the REH over the first 4 weeks, indicating increased near-repeat likelihood. (*C2*) For ISIS $\rightarrow$ ISIS attacks the enhanced repeat likelihood is over the first 10 weeks. (*C3* and *C4*) AQ $\rightarrow$ AQ and ISIS $\rightarrow$ ISIS attacks separated by more than 100 km follow the REH, suggesting negligible correlation between repeat events.](pnas.1904418116fig03){#fig03}

Near-Repeat Activity. {#s9}
---------------------

Near-repeat results are shown in [Fig. 3*C*](#fig03){ref-type="fig"} where we plot the latent time $t$ between every pair of AQ after AQ (i.e., AQ $\rightarrow$ AQ) or ISIS after ISIS (i.e., ISIS $\rightarrow$ ISIS) attacks separated by less than 20 km or more than 100 km, worldwide and post-2014. For comparison the REH distribution in [Eq. **1**](#eq1){ref-type="disp-formula"} is also shown. We use the Kullback--Leibler divergence (KLD) ([*SI Appendix*](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental)) to quantify the deviation of attack distributions from the REH. [Fig. 3 *C1*](#fig03){ref-type="fig"} shows that during the first 4 weeks after an AQ attack, the probability for a near-repeat attack within 20 km is elevated with respect to the REH. ISIS exhibits an even longer period of elevated near-repeat probability within 20 km: 10 weeks, as shown in [Fig. 3 *C2*](#fig03){ref-type="fig"}. At distances beyond 100 km, near-repeat effects are negligible and the latent time distributions converge to the REH, as seen in [Fig. 3 *C3* and *C4*](#fig03){ref-type="fig"}. Henceforth, we use 20 km as the maximal distance for near-repeat events. Only six of the clusters identified in [Fig. 1](#fig01){ref-type="fig"} contain enough data for near-repeat analysis. [Fig. 4*A*](#fig04){ref-type="fig"} shows the resulting patterns after the 2014 AQ/ISIS rift. All panels show elevated near-repeat probability for at least 4 weeks. This period is extended for the minor group in a cluster, as identified in [Table 1](#t01){ref-type="table"}, which displays larger deviations from the REH, larger KLD values, and longer near-repeat periods compared to the major classes. The trend is consistent across clusters. For example, ISIS in Iraq and Syria, L (Taliban) in the Afghan--Pakistan region, L (Houthi and Southern Movement ethnopolitical rebels) in Yemen, and AQ (al-Shabaab) in Somalia are all major players and display enhanced repeat likelihood over 4 weeks. For ISIS (Boko Haram) in Nigeria the period is 6 weeks. In clusters where minor players are also present, they always display longer periods of enhanced near repeat compared to the major groups listed above. The longest period is 14 weeks for ISIS, the minor player in Yemen.

![(*A*) Near-repeat patterns AQ $\rightarrow$ AQ, ISIS $\rightarrow$ ISIS, and L $\rightarrow$ L, in six clusters post-2014. Each bar contains data binned over 2 weeks; all pairs of events are separated by less than 20 km. Heightened near-repeat likelihood is observed at least over the first 4 weeks in all panels. Near-repeat tendencies are more prominent for the minor classes, as indicated by their KLD values shown in magenta. (*B*) Near-reaction patterns A $\rightarrow$ B, B $\rightarrow$ A, where $\left\{ \text{A,B} \right\} = \left\{ \text{AQ,\ ISIS,\ L} \right\}$ in clusters where their post-2014 activities overlap. The first class in each panel is the first to attack; the second one responds within 20 km after the given latent time. Each bar contains data binned over 4 weeks. The correlation coefficient $r$ between mirror panels is included for moderate correlation ($\left| r \middle| > 0.3 \right.$). All known major rivals within each cluster show negative correlation. Panels showing positive correlation either are allies (AQ and L, Syria) or share ideology (AQ and ISIS, Yemen). (*C1--C3*) Terrorist/government (G) near-reaction patterns. In each cluster the correlation coefficient $r$ between G and the main class (ISIS in Iraq, AQ in Somalia, and L in the Afghan--Pakistan cluster) is shown in black. Each bar contains data binned over 2 weeks. Large $r$ values suggest strong interplay. (*C1*) In Iraq, ISIS intensifies its activity compared to the REH after G intervention over 4 months; G increases its activity over 4.5 months after ISIS attacks. The agile L class responds to the same G operations by intensifying its attacks over 2 weeks. No consistent patterns arise in L $\rightarrow$ G as can be expected. (*C2*) In Somalia similar trends arise with enhanced AQ activity after G intervention (4 weeks); G also increases its activity in response to AQ (4 weeks). (*C3*) In the Afghan--Pakistan cluster near reaction is enhanced in the G $\rightarrow$ L (4 weeks) and L $\rightarrow$ G (6 weeks) panels where L is the Taliban. Although data are limited, we observe a delayed response from ISIS and an asymmetric G $\rightarrow$ ISIS and ISIS $\rightarrow$ G dynamic with $r = - 0.56$, typical of near-repeat patterns involving transnational groups. Events separated by more than 100 km follow the REH. Panels with less than 100 data points are not analyzed due to insufficient data. The L classes are as listed in [Table 1](#t01){ref-type="table"}.](pnas.1904418116fig04){#fig04}

Near-Reaction Activity. {#s10}
-----------------------

To analyze the post-2014 interplay among AQ, ISIS, and the L groups in each cluster we consider the latent time distribution for A $\rightarrow$ B events where a class A attack is followed by a class B attack within 20 km for $\left\{ \text{A,B} \right\} = \left\{ \text{AQ,\ ISIS,\ L} \right\}$ and A $\neq$ B. We do not expect symmetry between the A $\rightarrow$ B and B $\rightarrow$ A panels as power structures may be imbalanced. We omit Somalia, with no significant ISIS or L presence, and Nigeria where attacks by ISIS (Boko Haram) and [l]{.smallcaps}-class Fulani extremists display negligible overlap within 20 km. [Fig. 4*B*](#fig04){ref-type="fig"} shows data deviating significantly from the REH in all clusters, indicating enhanced or hindered near reaction. To interpret these results and determine whether the order in which the A,B classes strike and respond is relevant, we calculate the Shannon entropy contribution $E_{i}$ for each of the A $\rightarrow$ B and B $\rightarrow$ A datasets in [Fig. 4*B*](#fig04){ref-type="fig"}. The $E_{i} \equiv {\hat{p}}_{i}\ln\left( {{\hat{p}}_{i}/p_{i}} \right)$ terms allow us to compare datapoints $\left( {t_{i},{\hat{p}}_{i}} \right)$ from [Fig. 4*B*](#fig04){ref-type="fig"} with the corresponding REH $\left( {t_{i},p_{i}} \right)$ where $p_{i} = P_{d}\left( t_{i} \right)$ as evaluated from [Eq. **1**](#eq1){ref-type="disp-formula"}. Finally, the correlation coefficient $r$ between the two derived datasets $\left\{ E_{i}^{A\rightarrow B} \right\}$ and $\left\{ E_{i}^{B\rightarrow A} \right\}$ is calculated. We find that within each cluster, only one of the A $\rightarrow$ B, B $\rightarrow$ A panels is marked by appreciable negative correlation ($r < - 0.3$, in red). The respective $\left\{ {A,B} \right\}$ classes are as follows: in Iraq, $\left\{ {A,B} \right\}$ = $\left\{ \text{ISIS,\ L} \right\}$; in Syria, $\left\{ {A,B} \right\}$ = $\left\{ \text{ISIS,\ L} \right\}$; in Yemen, $\left\{ {A,B} \right\}$ = $\left\{ \text{AQ,\ L} \right\}$; in Afghan--Pakistan, $\left\{ {A,B} \right\} = \left\{ \text{ISIS,\ L} \right\}$. The two parties involved are always either AQ or ISIS (global organizations) and the local [l]{.smallcaps} class and are always known to be in conflict. [Table 1](#t01){ref-type="table"} indicates that in all cases the two above classes are also the largest in their clusters. Our finding of a negative correlation suggests that an [l]{.smallcaps}-class group responds promptly to an attack by AQ or ISIS while the latter's response is delayed. If a third class is present, it is always the minor player listed in [Table 1](#t01){ref-type="table"} and either collaborates (such as AQ and [l]{.smallcaps}-class rebels in Syria) or shares a similar ideology (such as AQ and ISIS in Yemen) with either of the two major ones. [Fig. 4*B*](#fig04){ref-type="fig"} shows that the minor party always correlates positively with the major player it aligns with. Correlations between the minor group and the other major player are not significant, indicating that the major player neglects its smaller adversary to focus on its main rival. These findings are consistent across surveyed clusters and emerge for pre-2014 data as well ([*SI Appendix*](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental)).

Government Intervention. {#s11}
------------------------

We examine terrorist/state interplay in the Iraq, Somalia, and Afghan--Pakistan clusters in [Fig. 4 *C1*--*C3*](#fig04){ref-type="fig"}. In Iraq, the post-2014 G (UCDP data) $\rightarrow$ ISIS (GTD data) and ISIS $\rightarrow$ G near-reaction panels show both parties displaying enhanced near response within 20 km over several months. There are no data for government action explicitly aimed at the [l]{.smallcaps} class in Iraq; however, we can examine whether government operations directed at ISIS indirectly affect [l]{.smallcaps}-class activities. Thus, in [Fig. 4 *C1*](#fig04){ref-type="fig"} we also study G $\rightarrow$ L (GTD data) near-reaction activity. L responses spike for 2 weeks after G action, most likely as a short-lived immediate reaction to any nearby event, regardless of intended targets. No clear L $\rightarrow$ G trends emerge, implying that government activity aimed at ISIS is not influenced by prior [l]{.smallcaps}-class activities. Similar trends are observed for the G $\rightarrow$ AQ and AQ $\rightarrow$ G post-2012 panels in [Fig. 4 *C2*](#fig04){ref-type="fig"} for Somalia, where no [l]{.smallcaps}-class group is present, and in the G $\rightarrow$ L and L $\rightarrow$ G post-2003 panels in [Fig. 4 *C3*](#fig04){ref-type="fig"} for the Afghan--Pakistan cluster (L here is the Taliban). We also include near reaction between the small ISIS group present in the Afghan--Pakistan cluster and government interventions aimed at the Taliban. Despite the small sample size of the ISIS attacks, the asymmetry between the G $\rightarrow$ ISIS and ISIS $\rightarrow$ G panels in [Fig. 4 *C3*](#fig04){ref-type="fig"} is in agreement with earlier observations of delayed responses by global groups. Large correlation values in all clusters indicate strong interplay between terrorist and state actors, each aiming to signal their own supremacy. Except for Somalia, state operations persist slightly longer than terrorist activity.

Discussion {#s12}
==========

Near-repeat patterns, often observed in urban crime, also emerge for terrorist attacks by AQ, ISIS, and mostly all other contemporary insurgent groups, despite heterogeneous local conditions. The corresponding spatiotemporal scales (20 km and 4 to 10 weeks) are larger than for urban crime, where effects persist over a few hundred meters for 2 to 6 weeks ([@r6], [@r9], [@r10]). This may be due to terror attacks being more impactful in terms of damage, media coverage, and psychological effects; longer times may also be required to orchestrate repeat events. Spatial clustering reveals territorial effects. For example, AQ displays a longer period of elevated near repeat than ISIS in Syria, but the trend is reversed in Yemen. In both cases, the minor organization exhibits more prominent near-repeat activity than the major one, a consistent finding in this work. Why? We note that numerically inferior groups may need to act more frequently to maintain visibility, especially in the presence of more established organizations. This is in agreement with game-theoretic studies whereby sustained violence allows small groups of radicals to stay relevant and grow ([@r23]). Near-reaction patterns between major rivals in the same cluster show asymmetric behavior. Typically, one of the two global terrorist organizations (AQ or ISIS) is in conflict with local militias/insurgents which respond promptly to AQ or ISIS attacks. Conversely, the response of the global terror group is delayed in time. This asymmetric behavior may be due to local militias having the agility and need to respond quickly, whereas global terror groups may require longer decisional times. The remaining group, typically with the least number of combatants, tends to align itself with one of the major ones, executing copycat or supportive attacks. These aligned parties may be engaged in a leader--follower relationship, the minor party may be a supportive ally of the major one, or the two may be neutral, nonhostile entities united by the same ideology or intent against the same rival. The trend is consistent with social balance theory which posits that in a triadic relationship where two entities are already in conflict, the only balanced position the third one can adopt is to align itself with one and oppose the other ([@r24]). Recent studies on urban gangs confirm similar dynamics ([@r25]). This triadic pattern is manifest in Syria, where post-2014, AQ affiliate JN began supporting the [l]{.smallcaps}-class antigovernment rebels, leading to ISIS $\rightarrow$ L rivalry/negative (r/n) correlation, AQ $\rightarrow$ L aligned/positive (a/p) correlation, and weak AQ $\rightarrow$ ISIS correlation. In Yemen, al-Qaeda in the Arabian Peninsula (AQAP) has been a longtime opponent to local insurgents, whereas ISIS established its provinces there in 2015. AQ and ISIS are rivals but both regard insurgent groups as their primary enemies, leading to AQ $\rightarrow$ L r/n correlation, AQ $\rightarrow$ ISIS a/p correlation, and weak ISIS $\rightarrow$ L correlation. In the Afghan--Pakistan region, AQ has mainly assisted the Taliban; as ISIS attempted to gain territory, it engaged in open conflict with the Taliban. We thus observe ISIS $\rightarrow$ L (Taliban) and ISIS $\rightarrow$ AQ r/n correlation. There are not enough data to compare AQ and the Taliban. In Iraq, there is no AQ presence post-2014, so we observe only ISIS $\rightarrow$ L (ethnoreligious militias) r/n correlation. We find no evidence of outbidding ([@r26]) in the form of escalating responses under provocation or when casualties are involved ([*SI Appendix*](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental)), consistent with existing studies ([@r27], [@r28]). State and terrorist actions are strongly correlated, with long-term near-reaction deviations from the REH ([*SI Appendix*](https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1904418116/-/DCSupplemental)). This indicates both parties prioritize overcoming the other and questions the immediate efficacy of state-sponsored military action. Interestingly the G $\rightarrow$ ISIS panel in Iraq is the only one where ISIS does not show a delayed response, suggesting that when priorities or clear enemies arise, ISIS does have a fast reaction capability.

Conclusion {#s13}
==========

We studied the spatiotemporal patterns of terrorist attacks by AQ, ISIS, and local militias/insurgents by applying data-driven, unsupervised $k$-means clustering to the GTD. While near-repeat/reaction patterns are observed in all clusters ([@r29][@r30]--[@r31]), the accompanying variations highlight the territorial aspects of terrorism ([@r32]) and the role played by local hierarchies, even when global terrorist groups are present. Near-repeat duration, intergroup dynamics, and government response depend more on a group's relative size and on its local relation to other groups than on whether or not it is part of a transnational organization. Understanding the local aspects of terrorism may help policymakers better plan timing, permanence, and expectations of antiterrorism intervention. Our correlative observations can help shape statistically optimal resource allocation and logistics to more efficiently respond to future attacks. Possible extensions could include constructing poly-order chains of events to distinguish attack methods and weapon/target types to further refine the understanding of repeat activity and the design of response protocols ([@r33], [@r34]).
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